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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND ORGANIC LIGHT
EMITTING DIODE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2015-0134674, filed on Sep. 23,
2015, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to an organic light
emitting diode, and more particularly, to a display device
including an organic light emitting diode with improved
light extraction efficiency.

Description of the Related Art

[0003] An organic light emitting diode display device is a
self-light emitting display device and, unlike a liquid crystal
display device, does not need a separate light source. Thus,
the organic light emitting diode display device can be
lightweight and have a compact size. Further, the organic
light emitting diode display device is driven at a low voltage,
which reduces power consumption, which is an advanta-
geous feature of the organic light emitting diode display
device. Also, the organic light emitting diode display device
has excellent color expression ability, a high response speed,
a wide viewing angle, and a high contrast ratio (CR).
Therefore, the organic light emitting diode display device
has been researched as a next-generation display device.
[0004] Light emitted from an organic emission layer of the
organic light emitting diode generally passes through vari-
ous elements in the organic light emitting diode display
device to the outside. However, a part of the light emitted
from the organic emission layer may not be transmitted to
the outside of the organic light emitting diode display device
but may be confined within the organic light emitting diode
display device, which reduces the light extraction efficiency
of the organic light emitting diode display device.

[0005] For example, in a bottom-emission organic light
emitting diode display device, about 50% of the light
emitted form an organic emission layer is confined within
the organic light emitting diode display device due to total
reflection or light absorption at an anode electrode, and
about 30% of the light emitted from the organic emission
layer is confined within the organic light emitting diode
display device due to total reflection or light absorption at a
substrate.

[0006] As such, about 80% of the light emitted from the
organic emission layer is confined within the organic light
emitting diode display device and only about 20% of the
light is transmitted to the outside. Thus, the organic light
emitting diode display device has low luminous efficiency.
[0007] In order to improve the light extraction efficiency
of the organic light emitting diode display device, a method
of forming a micro lens array (MLLA) on an overcoating
layer of the organic light emitting diode display device has
been developed. However, even if the micro lens array is
formed on the overcoating layer of the organic light emitting
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diode display device, a large amount of light is confined
within the device, and only a small amount of light is
transmitted to the outside.

[0008] Further, because the micro lens array is formed on
the overcoating layer, emission areas of the organic light
emitting diode display device may differ in luminous effi-
ciency. Thus, a bright image may be formed in an area with
a high luminous efficiency, and a dark image maybe formed
in an area with a low luminous efficiency.

[0009] Accordingly, there has been a demand for an
organic light emitting diode display device that can improve
luminous efficiency.

SUMMARY

[0010] An aspect of the present disclosure provides an
organic light emitting diode display device that can mini-
mize a difference in brightness between emission areas of
the organic light emitting diode display device and improve
light extraction efficiency.

[0011] According to an aspect of the present disclosure,
there is provided an organic light emitting diode display
device including a substrate divided into an emission area
and a non-emission area, an overcoating layer disposed on
the substrate and including a plurality of micro lenses, a
plurality of first electrode patterns disposed on the overcoat-
ing layer and spaced away from each other in the emission
area, an organic emission layer disposed on the plurality of
the first electrodes, and a second electrode disposed on the
organic emission layer.

[0012] Herein, in an area where the micro lens is disposed,
the organic light emitting diode display device may be
divided into a first area, a second area, and a third area
depending on the thickness of the organic emission layer. In
this case, the first area corresponds to a recessed area of the
micro lens, the second area corresponds to a slope of the
micro lens, and the third area corresponds to a protruding
area of the micro lens.

[0013] Further, the plurality of first electrode patterns may
be disposed only in the second area and the third area of the
organic light emitting diode display device. In this case, the
second area and the third area may be emission areas of the
organic light emitting diode display device and the first area
may be a non-emission area.

[0014] In another aspect of the present disclosure, the
plurality of first electrode patterns may be disposed only in
the third area of the organic light emitting diode display
device. In this case, the third area may be an emission area
of the organic light emitting diode display device and the
first area and the second area may be non-emission areas of
the organic light emitting diode display device.

[0015] According to another aspect of the present disclo-
sure, an organic light emitting diode display device includes
a substrate, an overcoating layer, a first electrode pattern, an
organic emission layer and a second electrode. The over-
coating layer is disposed on the substrate and includes a
plurality of micro lenses, and each of the micro lenses
includes a recess. The first electrode pattern is disposed on
the overcoating layer and has at least one opening corre-
sponding to the recess. The organic emission layer is dis-
posed on the substrate. The second electrode is disposed on
the organic emission layer, and the organic emission layer is
disposed between the first electrode pattern and the second
electrode.
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[0016] In one aspect of the present disclosure, the organic
light emitting diode display device has a first area, a second
area, and a third area, and each of the micro lenses further
includes a protrusion and a slope. The first area corresponds
to the recess, the second area corresponds to the slope, and
the third area corresponds to the protrusion.

[0017] In one aspect of the present disclosure, the organic
emission layer in a direction perpendicular to the slope in the
second area has a smaller thickness than the organic emis-
sion layer disposed in the first area and the third area.
[0018] In one aspect of the present disclosure, the organic
emission layer of the organic light emitting diode is disposed
in contact with the overcoating layer in an area correspond-
ing to the recess.

[0019] In one aspect of the present disclosure, each of the
plurality of micro lenses further includes a protrusion and a
slope, and the first electrode pattern is disposed in an area
corresponding to the protrusion.

[0020] In one aspect of the present disclosure, the area
corresponding to the protrusion is an emission area, and an
area corresponding to the slope and the recess is a non-
emission area.

[0021] In one aspect of the present disclosure, the organic
emission layer of the organic light emitting diode is disposed
in contact with the overcoating layer in an area correspond-
ing to the recess and the slope.

[0022] In one aspect of the present disclosure, the over-
coating layer is exposed at at least one opening.

[0023] In one aspect of the present disclosure, the first
electrode pattern includes at least two convex portions
spaced away from each other by at least one opening.
[0024] In one aspect of the present disclosure, an organic
light emitting diode includes a first electrode pattern, an
organic emission layer and a second electrode. The first
electrode pattern has at least one opening. The organic
emission layer is disposed on the first electrode pattern. The
second electrode is disposed on the organic emission layer,
and the organic emission layer is disposed between the first
electrode pattern and the second electrode.

[0025] In the organic light emitting diode display device
according to the present disclosure, the plurality of first
electrode patterns is spaced away from each other in an
organic light emitting diode disposed on the overcoating
layer including the plurality of micro lens. Thus, the organic
light emitting diode display device can minimize a differ-
ence in brightness between emission areas and improve light
extraction efficiency.

[0026] In another aspect of the present disclosure, the
plurality of micro lens may be formed in various shapes, and
the plurality of first electrode patterns may be spaced away
from each other. Thus, the organic light emitting diode
display device can minimize a difference in brightness
between the emission areas and improve light extraction
efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0028] FIG. 1 is a schematic diagram illustrating a display
device according to an exemplary embodiment of the pres-
ent disclosure;
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[0029] FIG. 2 s a cross-sectional view of an organic light
emitting diode display device to which exemplary embodi-
ments of the present disclosure can be applied;

[0030] FIG. 3Ais a plan view of an organic light emitting
diode display device to which a micro lens is applied;
[0031] FIG. 3B is a cross-sectional view taken along a line
A-B of the organic light emitting diode display device of
FIG. 3A;

[0032] FIG. 4 is a plan view illustrating an area where a
micro lens is disposed in an organic light emitting diode
display device according to an exemplary embodiment of
the present disclosure;

[0033] FIG. 5 is a cross-sectional view taken along a line
C-D of the organic light emitting diode display device of
FIG. 4;

[0034] FIG. 6 is a diagram illustrating a micro lens and an
organic light emitting diode according to another exemplary
embodiment;

[0035] FIG. 7 is a plan view illustrating an area where a
micro lens is disposed in an organic light emitting diode
display device according to yet another exemplary embodi-
ment of the present disclosure;

[0036] FIG. 8 is a cross-sectional view taken along a line
E-F of the organic light emitting diode display device of
FIG. 7;

[0037] FIG. 9 is a graph illustrating light extraction effi-
ciency as a function of wavelength of an organic light
emitting diode display device according to an exemplary
embodiment of the present disclosure and an organic light
emitting diode display device according to Comparative
Example; and

[0038] FIG. 10 is a table comparing light extraction effi-
ciency of the organic light emitting diode display device
according to an exemplary embodiment of the present
disclosure and the organic light emitting diode display
device according to Comparative Example.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0039] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings. The exemplary embodiments
introduced hereinafter are provided as examples in order to
convey their spirits to a person having ordinary skill in the
art. Therefore, the present disclosure is not limited to the
following exemplary embodiments and can be embodied in
different shapes and different arrangements. Also, the size
and thickness of the device might be exaggerated for the
sake of convenience in the drawings. Like reference numer-
als generally denote like elements throughout the present
specification.

[0040] Advantages and features of the present disclosure,
and methods for accomplishing the same will be more
clearly understood from exemplary embodiments described
below with reference to the accompanying drawings. The
exemplary embodiments are provided only to complete
disclosure of the present disclosure and to fully provide a
person having ordinary skill in the art to which the present
disclosure pertains with the category of the disclosure, and
the present disclosure will be defined by the appended
claims.

[0041] When an element or layer is referred to as being
“on” another element or layer, it may be directly on the other
element or layer, or intervening elements or layers may be
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present. Meanwhile, when an element is referred to as being
“directly on” another element, any intervening elements

may not be present.

[0042] The spatially-relative terms such as “below”,
“beneath”, “lower”, “above”, and “upper” may be used
herein for ease of description to describe the relationship of
one element or components with another element(s) or
component(s) as illustrated in the drawings. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the element in use or
operation, in addition to the orientation depicted in the
drawings. For example, if the element in the drawings is
turned over, elements described as “below” or “beneath”
other elements would then be oriented “above” the other
elements. Thus, the exemplary term “below” can encompass
both an orientation of above and below.

[0043] Further, in describing components of the present
disclosure, terms such as first, second, A, B, (a), and (b) can
be used. These terms are used only to differentiate the
components from other components. Therefore, the nature,
order, sequence, and the like of the corresponding compo-
nents are not limited by these terms.

[0044] FIG. 1 is a schematic diagram illustrating a display
device according to an exemplary embodiment of the pres-
ent disclosure. Referring to FIG. 1, a display device 1000
according to exemplary embodiments includes a display
panel 1100 on which a plurality of first lines VL1 to VLm
are formed in a first direction, i.e. a vertical direction, and a
plurality of second lines HL.1 to HLn are formed in a second
direction, i.e. a horizontal direction, a first driver 1200
configured to supply a first signal to the plurality of first lines
VL1 to VLm, a second driver 1300 configured to supply a
second signal to the plurality of second lines HL1 to HLn,
and a timing controller 1400 configured to control the first
driver 1200 and the second driver 1300.

[0045] On the display panel 1100, a plurality of pixels P
are defined by intersection between the plurality of first lines
VL1 to VLm formed in the first direction and the plurality
of second lines HL1 to HL.n formed in the second direction.

[0046] Each of the first driver 1200 and the second driver
1300 may include at least one driver integrated circuit (IC)
configured to output a signal for displaying an image.

[0047] The plurality of first lines VL1 to VLm formed in
the first direction on the display panel 1100 may be, for
example, data lines configured to transfer a data voltage
(first signal) to a vertical column of pixels, and the first
driver 1200 may be, for example, a data driver configured to
supply the data voltage to the data lines.

[0048] Further, the plurality of second lines HL1 to HLn
formed in the second direction on the display panel 1100
may be, for example, gate lines formed in the horizontal
direction and configured to transfer a scan signal (first
signal) to a horizontal column of pixels, and the second
driver 1300 may be, for example, a gate driver configured to
supply the scan signal to the gate lines.

[0049] The display panel 1100 may further include a pad
in order to be connected to the first driver 1200 and the
second driver 1300. If the first driver 1200 supplies the first
signal to the plurality of first lines VL1 to VLm, the pad
transfers the first signal to the display panel 1100, and if the
second driver 1300 supplies the second signal to the plural-
ity of second lines HL1 to HLn, the pad transfers the second
signal to the display panel 1100.
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[0050] Each pixel includes one or more subpixels. The
subpixel refers to a unit in which a specific kind of color
filter is formed, or in which a color filter is not formed but
an organic light emitting diode emits a light of a specific
color. Herein, colors to be defined in the subpixels may
include red (R), green (G), blue (B), and optionally white
(W), but the present disclosure is not limited thereto. Each
subpixel includes a separated thin-film transistor and an
electrode connected thereto, and, thus, hereinafter, a sub-
pixel will also be referred to as a pixel area. A first line may
be disposed in each subpixel, and a plurality of subpixels
constituting a pixel may share a specific first line. The
configuration of a pixel/subpixel and a first line/second line
can be modified in various ways, and the present disclosure
is not limited thereto.

[0051] An electrode connected to a thin-film transistor and
configured to control emission of each pixel area on the
display panel 1100 will be referred to as a first electrode, and
an electrode disposed on the entire surface of the display
panel or disposed to include two or more pixel areas will be
referred to as a second electrode.

[0052] If the first electrode is an anode electrode, the
second electrode is a cathode electrode, and vice versa. In
the following, the first electrode will be described as an
anode electrode and the second electrode will be described
as a cathode electrode in an exemplary embodiment, but the
present disclosure is not limited thereto.

[0053] Further, in the organic light emitting diode display
device according to exemplary embodiments of the present
disclosure, three or four subpixels may constitute one pixel.
Furthermore, a color filter of a single color may be disposed
on one pixel, or a color filter may not be disposed on at least
one of subpixels constituting the one pixel. The color filter
can convert a color of a single organic emission layer into a
color having a specific wavelength.

[0054] Moreover, each subpixel includes a light-scattering
layer in order to improve light extraction efficiency of the
organic emission layer. The light-scattering layer may be
referred to as a micro lens array, a nano pattern, a diffusion
pattern, silica beads, or the like.

[0055] In the following, the light-scattering layer will be
described as a micro lens array, but exemplary embodiments
of the present disclosure are not limited thereto.

[0056] 1In the exemplary embodiments of the present dis-
closure, various structures capable of scattering lights may
be combined and applied.

[0057] FIG. 2 is a cross-sectional view of an organic light
emitting diode display device to which exemplary embodi-
ments of the present disclosure can be applied, including a
thin-film transistor Tr and an organic light emitting diode EL
electrically connected to the thin-film transistor Tr.

[0058] The thin-film transistor Tr includes an active layer
120, a gate electrode 140, a source electrode 170, and a drain
electrode 180. Further, the organic light emitting diode EL
includes a first electrode 210, an organic emission layer 230,
and a second electrode 240.

[0059] Specifically, the active layer 120 of the thin-film
transistor Tr is disposed on a substrate 100. A gate insulation
film 130 and a gate electrode 140 are disposed on the active
layer 120. An interlayer insulation film 150 is disposed on
the gate electrode 140.

[0060] Further, the source electrode 170 and the drain
electrode 180 are disposed to be in contact with the active
layer 120 through a contact hole formed in the interlayer
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insulation film 150 are disposed on the interlayer insulation
film 150. A protective layer 160 is disposed on the source
electrode 170 and the drain electrode 180. The organic light
emitting diode display device to which exemplary embodi-
ments of the present disclosure can be applied is not limited
to FIG. 2. The organic light emitting diode display device to
which exemplary embodiments of the present disclosure can
be applied may further include a buffer layer (not shown)
disposed between the substrate 100 and the active layer 120.

[0061] Further, an overcoating layer 200 is disposed on the
protective layer 160. The first electrode 210 of the organic
light emitting diode EL connected to the drain electrode 180
of the thin-film transistor Tr is disposed on the overcoating
layer 200. Further, a bank pattern 220 is disposed on the
overcoating layer 200 so as to expose a part of a top surface
of the first electrode 210. The organic emission layer 230 is
disposed on the bank pattern 220 and the top surface of the
first electrode 210 exposed by the bank pattern 220.

[0062] Herein, the organic emission layer 230 may be
disposed only on the top surface of the first electrode 210
exposed by the bank pattern 220, or may be disposed on the
first electrode 210 and the bank pattern 220. Further, the
second electrode 240 of the organic light emitting diode EL
is disposed to be overlapped with the organic emission layer
230 and the bank pattern 220.

[0063] Further, although not illustrated in the drawing, a
polarizing plate may be disposed on a rear surface of the
substrate 100. The polarizing plate may be a polarizing plate
having a polarization axis in a certain direction and config-
ured to transmit only a light having an axis in the same
direction as the polarization axis when the amount of lights
is emitted from the rear surface of the substrate 100.

[0064] The polarizing plate may be formed as a single
layer or a multilayer. Further, the polarizing plate has been
described as having a polarization axis in a certain direction,
but exemplary embodiments of the present disclosure are not
limited thereto. The polarizing plate may further include a
phase retardation film.

[0065] Further, although not illustrated in FIG. 2, a color
filter layer disposed on the protective layer 160 may be
further included in the organic light emitting diode display
device to which exemplary embodiments of the present
disclosure can be applied. Herein, the color filter layer may
be disposed only on some of the plurality of subpixels.

[0066] Further, although FIG. 2 illustrates a bottom-emis-
sion type organic light emitting diode display device, exem-
plary embodiments of the present disclosure may be applied
to a top-emission or dual-emission organic light emitting
diode display device, if necessary.

[0067] In order to improve light extraction efficiency of
the above-described organic light emitting diode display
device, an overcoating layer may be provided on which a
micro lens including a plurality of recesses and a plurality of
protrusions may be formed.

[0068] In this case, when light is incident on an interface
between the micro lens and the first electrode 210 of the
organic light emitting diode, light having an incidence angle
equal to or lower than a total reflection critical angle is
extracted to the outside of the substrate 100 without modi-
fication. Further, light having an incident angle higher than
the total reflection critical angle may collide with the micro
lens, thereby changing the path of the light before being
extracted to the outside of the substrate 100.
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[0069] Accordingly, the light extraction efficiency of the
organic light emitting diode display device to which the
micro lens is applied can be improved. However, there may
be a difference in light extraction efficiency between emis-
sion areas.

[0070] Details thereof will be described below with ref-
erence to FIG. 3A and FIG. 3B. FIG. 3A is a plan view of
an organic light emitting diode display device to which a
micro lens is applied. FIG. 3B is a cross-sectional view taken
along a line A-B of the organic light emitting diode display
device of FIG. 3A. Herein, description of the components
identical to those of FIG. 2 may be omitted and redundant
description may also be omitted.

[0071] Referring to FIG. 3A and FIG. 3B, the organic light
emitting diode display device is divided into a first area 10,
a second area 20, and a third area 30 depending on the
thickness of the organic emission layer 230 of the organic
light emitting diode EL. Herein, the first area 10, the second
area 20, and the third area 30 may be included in an emission
area EA of the organic light emitting diode display device.
[0072] The organic emission layer 230 of the organic light
emitting diode EL disposed in the second area 20 may have
a smaller thickness than the organic emission layer 230
disposed in the first area 10 and the third area 30. Specifi-
cally, since the organic emission layer 230 is formed by a
deposition method having straightness, the organic emission
layer 230 in the second area 20 corresponding to a slope may
have a smaller thickness than the organic emission layer 230
in the first area 10 and the third area 30 in a direction
perpendicular to the slope in the second area 20.

[0073] In other words, the second area 20 may be an area
corresponding to a slope of a plurality of micro lenses
formed on the overcoating layer 200. Further, each of the
first area 10 and the third area 30 may be an area except the
area corresponding to the slope of the plurality of micro
lenses. Herein, the first area 10 corresponds to a recessed
area (recess) of a micro lens, and the third area 30 corre-
sponds to a protruded area (protrusion) of the micro lens.
[0074] Inthe organic light emitting diode display device to
which the micro lens is applied, the first area 10, the second
area 20, and the third area 30 may be alternately disposed in
the emission area EA.

[0075] Meanwhile, since the organic emission layer 230
has a small thickness in the second area 20, the organic light
emitting diode EL mainly emits light in the second area 20.
Further, most of the light transmitted from the slope is
incident on the other areas of the micro lenses, and is
multiply reflected to decrease the incidence angle at the
interface of the substrate, such that the incident angle is
lower than the total reflection critical angle, thereby pre-
venting total internal reflection. Thus, the light extraction
efficiency can be increased. Furthermore, the organic emis-
sion layer 230 has the smallest thickness in the second area
20 and thus has a high current density. Therefore, the organic
light emitting diode EL may have a high luminous efficiency
in the second area 20.

[0076] Moreover, the organic emission layer 230 in the
third area 30 corresponding to a protruded area of the micro
lens has a greater thickness than the organic emission layer
230 on the slope of the micro lens and thus has a low current
density. However, light extraction efficiency is high in the
third area 30 due to the micro lens because the emission
layer in the third area 30 also has a smaller thickness than the
thickness thereof in the first area 10.
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[0077] Accordingly, an image in the second area 20 and
the third area 30 may be observed as being brighter than an
image in the first area 10.

[0078] Hereinafter, the following exemplary embodiments
of the present disclosure are provided to solve the above-
described problem, where the organic light emitting diode
display device has a plurality of first electrode patterns
disposed spaced away from each other on an overcoating
layer including a plurality of micro lenses. Thus, brightness
is uniform across an emission area and light extraction
efficiency can be further increased.

[0079] FIG. 4 is a plane view illustrating a part of an area
where a micro lens is disposed in an organic light emitting
diode display device according to an exemplary embodiment
of the present disclosure. Referring to FIG. 4, each area
where a micro lens is disposed may have a hexagonal shape
in a plan view, and the plurality of areas where a plurality of
micro lenses may be disposed may be formed into a hex-
agonal honeycomb structure in a plan view.

[0080] However, the area where a micro lens is disposed
in the organic light emitting diode display device according
to an exemplary embodiment of the present disclosure is not
limited thereto, and may have various shapes such as an
overall hemispheric shape, semi-elliptical shape or square
shape.

[0081] Further, the area where a micro lens is disposed
may be divided into a first area 510, a second area 520, and
a third area 530 depending on the thickness of the organic
emission layer of an organic light emitting diode. Herein, a
first electrode of the organic light emitting diode may be
disposed only in the first area 510 and the second area 520.
That is, the first electrode may not be disposed in the third
area 530. Therefore, the first area 510 and the second area
520 may be emission areas and the third area 530 may be a
non-emission area.

[0082] This configuration will be described below in detail
with reference to FIG. 5. FIG. 5 is a cross-sectional view
taken along a line C-D of the organic light emitting diode
display device of FIG. 4. Referring to FIG. 5, in the organic
light emitting diode display device according to an exem-
plary embodiment of the present disclosure, a plurality of
insulation layers 150 and 160 are disposed on the substrate
100 and the overcoating layer 200 including a plurality of
micro lenses is disposed on the insulation layer 160. A
maximum width of the micro lens is designated D1 and the
full width at half maximum of the micro lens is designated
F1, as illustrated in FIG. 5. Herein, the maximum width and
the full width at half maximum of the micro lens may be
defined as a width of the protrusion of the micro lens at the
position corresponding to half the height of the micro lens.
The overcoating layer, for example, is made of photoresist
material. The full width at half maximum of the micro lens
may be determined by an exposure amount of light irradi-
ated to the overcoating layer and a material of the overcoat-
ing layer during a process of forming the micro lens.
[0083] The organic light emitting diode EL including a
plurality of first electrode patterns 310, the organic emission
layer 230, and the second electrode 240 is disposed on the
plurality of micro lenses. Herein, the first electrode patterns
310, the organic emission layer 230, and the second elec-
trode 240 may be formed according to the morphology of the
micro lenses.

[0084] Herein, the first electrode pattern 310 may be
disposed only in the second area 520 corresponding to a
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slope of a micro lens and the third area 530 corresponding
to a protruded area of the micro lens. That is, the first
electrode pattern 310 may not be disposed in the first area
510 corresponding to a recessed area of the micro lens.
[0085] Specifically, the organic emission layer 230 of the
organic light emitting diode EL disposed on the micro lens
in the first area 510 has a greater thickness and thus has a low
current density. Further, most of the light incident on the
recessed area of the micro lens has an incident angle higher
than the total reflection critical angle in the first area 510.
Thus, a small amount of light is multi-reflected by the micro
lens. Therefore, light extraction efficiency is decreased in the
first area 510.

[0086] The organic light emitting diode display device
according to an exemplary embodiment of the present
disclosure includes an area where the first electrode pattern
310 is not disposed in the first area 510. Thus, a current does
not flow in the first area 510. That is, the organic emission
layer 230 and the overcoating layer 200 may be disposed in
contact with each other in the first area 510. Therefore, a
greater amount of current flows in the second area 520 and
the third area 530.

[0087] According to an exemplary embodiment of the
present disclosure, the first electrode pattern 310 has at least
one opening corresponding to the recess (recessed area) of
the micro lens. As shown in FIG. 5, a plurality of openings
may be present, and a part of the overcoating layer 200 may
be exposed at the plurality of openings to be in contact with
the organic emission layer 230.

[0088] In another exemplary embodiment of the present
disclosure, the first electrode pattern 310 may include at
least two convex portions spaced away from each other by
the at least one opening. As shown in FIG. 5, a plurality of
both the at least two convex portions and the at least one
opening may be present. The convex portions may be
located on the second area 520 corresponding to the slope of
the micro lens and the third area 530 corresponding to the
protrusion of the micro lens. In one of the micro lenses, the
convex portions are spaced away from each other by the
opening located on the first area 510.

[0089] Accordingly, a current density increases in the
second area 520 and the third area 530, and thus, the light
extraction efficiency in the second area 520 and the third
area 530 increases.

[0090] An area where the first electrode pattern 310 is not
disposed may be a non-emission area NEA of the organic
light emitting diode display device, and an area where the
first electrode pattern 310 is disposed may be an emission
area EA of the organic light emitting diode display device.
Therefore, since the first electrode pattern 310 is not dis-
posed in the first area 510 having a lower brightness than the
second area 520 and the third area 530, a difference in
brightness between the emission areas EA can be minimized
That is, in the organic light emitting diode display device
according to an exemplary embodiment of the present
disclosure, the first electrode pattern 310 is not disposed in
the first area 510 having low current density and light
extraction efficiency, and, thus, there is an effect of increas-
ing light extraction efliciency in the second area 520 and the
third area 530.

[0091] Further, the micro lens of the organic light emitting
diode display device according to the present disclosure is
not limited to the micro lens illustrated in FIG. 5, but may
be formed in a shape illustrated in FIG. 6. FIG. 6 is a
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diagram illustrating a micro lens and an organic light emit-
ting diode according to another exemplary embodiment.
[0092] Referring to FIG. 6, a maximum width D2 of a
micro lens formed on an overcoating layer 201 is smaller
than a maximum width D1 of the micro lens illustrated in
FIG. 5. Therefore, a full width at half maximum (FWHM)
F2, which is a width of a protrusion of the micro lens at a
position corresponding to half the height of the micro lens,
may also be smaller than a full width at half maximum F1
of the micro lens illustrated in FIG. 5.

[0093] Since the maximum width D2 and the full width at
half maximum F2 of the micro lens are decreased, the slope
of the micro lens is steep. Thus, a thickness of the organic
emission layer 230 formed on the slope may be further
decreased. Therefore, the organic emission layer 230 may
have a smaller thickness in the second area 520 correspond-
ing to the slope of the micro lens.

[0094] Accordingly, the first area 510 may have a lower
light extraction efficiency than the second area 520 and the
third area 530. Meanwhile, as illustrated in FIG. 6, even if
the maximum width D2 and the full width at half maximum
F2 of the micro lens are decreased, the plurality of first
electrode patterns 310 of the organic light emitting diode EL
may be disposed as being spaced away from each other.
Accordingly, a greater amount of current flows in the second
area 520 and the third area 530, and the light extraction
efficiency can be further improved in the second area 520
and the third area 530.

[0095] Hereinafter, an organic light emitting diode display
device according to yet another exemplary embodiment of
the present disclosure will be described with reference to
FIG. 7 and FIG. 8. FIG. 7 is a plan view illustrating a part
of an area where a micro lens is disposed in the organic light
emitting diode display device. FIG. 8 is a cross-sectional
view taken along a line E-F of the organic light emitting
diode display device of FIG. 7.

[0096] First, referring to FIG. 7, the area where the micro
lens is disposed may be divided into the first area 510, the
second area 520, and the third area 530 depending on a
thickness of an organic emission layer of an organic light
emitting diode. Herein, a first electrode of the organic light
emitting diode may be disposed only in the third area 530.
[0097] That is, the first electrode is not disposed in the first
area 510 and the second area 520.

[0098] Therefore, the third area 530 may be an emission
area and the first area 510 and the second area 520 may be
non-emission areas.

[0099] This configuration will be described below in detail
with reference to FIG. 8. In FIG. 8, a first electrode pattern
410 may be disposed only in the third area 530 correspond-
ing to the protruded area of the micro lens formed on the
overcoating layer 200.

[0100] That is, the first electrode pattern 410 may not be
disposed in the first area 510 corresponding to the recessed
area of the micro lens and the second area 520 corresponding
to the slope of the micro lens. Herein, since the first
electrode pattern 410 is not disposed in the first area 510 and
the second area 520, the organic emission layer 230 of the
organic light emitting diode EL may be disposed in contact
with the overcoating layer 200 in the first area 510 and the
second area 520.

[0101] Specifically, the organic emission layer 230 dis-
posed in the third area 530 has a greater thickness than the
organic emission layer 230 disposed in the second area 520
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and thus has a relatively low current density. However, the
third area 530 has a higher light extraction efficiency than
the first area 510 and the second area 520. Thus, since the
first electrode pattern 410 is formed only in the third area
530, the current density of the third area 530 can be
increased and the light extraction efficiency can be maxi-
mized.

[0102] In other words, since the first electrode pattern 410
is not disposed in the first area 510 and the second area 520,
current may flow and concentrate in the organic light emit-
ting diode EL disposed in the third area 530, thereby
increasing the current density of the organic light emitting
diode EL disposed in the third area 530 and increasing the
light extraction efficiency.

[0103] Meanwhile, an area where the first electrode pat-
tern 410 is not disposed may be a non-emission area NEA
of the organic light emitting diode display device, and an
area where the first electrode pattern 410 is disposed may be
an emission area EA of the organic light emitting diode
display device. Therefore, since the first electrode pattern
410 is not disposed in the first area 510 and the second area
520, only the third area 530 having the highest light extrac-
tion efficiency may be the emission area EA. Thus, a
difference in brightness between emission areas EA can be
suppressed.

[0104] That is, in the organic light emitting diode display
device according to yet another exemplary embodiment of
the present disclosure, the first electrode pattern 410 is not
disposed in the first area 510, which has lower current
density and light extraction efliciency than the third area
530, and the second area 520, which has a lower light
extraction efficiency than the third area 530. Thus, the light
extraction efliciency in the third area 530 increases.

[0105] This effect will be described below with reference
to FIG. 9 and FIG. 10. FIG. 9 is a graph illustrating light
extraction efficiency depending on wavelength in an organic
light emitting diode display device according to an exem-
plary embodiment of the present disclosure and an organic
light emitting diode display device according to Compara-
tive Example.

[0106] In the organic light emitting diode display device
according to an exemplary embodiment of the present
disclosure, a plurality of micro lenses is formed on an
overcoating layer and a first electrode pattern of an organic
light emitting diode is not disposed in an area corresponding
to a recessed area of the micro lens. In comparison, in an
organic light emitting diode display device according to the
Comparative Example, the plurality of micro lenses are
formed on an overcoating layer, and the first electrode of an
organic light emitting diode is disposed entirely on the micro
lens.

[0107] Referring to FIG. 9, it can be seen that light in a
visible light wavelength range generally have a higher
intensity in the organic light emitting diode display device
according to an exemplary embodiment of the present
disclosure than in the organic light emitting diode display
device according to Comparative Example. That is, the
amount of light extracted in the visible light wavelength
range is greater in the organic light emitting diode display
device according to an exemplary embodiment of the pres-
ent disclosure than in the organic light emitting diode
display device according to Comparative Example.

[0108] FIG. 10 is a table comparing light extraction effi-
ciencies of the organic light emitting diode display device



US 2018/0254307 A1l

according to an exemplary embodiment of the present
disclosure and the organic light emitting diode display
device according to Comparative Example.

[0109] Referring to FIG. 10, it can be seen that at almost
the same driving voltage, the light extraction efficiency of
the organic light emitting diode display device according to
an exemplary embodiment of the present disclosure is 14%
higher than that of the organic light emitting diode display
device according to the Comparative Example.

[0110] As described above, in an organic light emitting
diode display device according to exemplary embodiments
of the present disclosure, a first electrode of an organic light
emitting diode is not disposed in an area having low light
extraction efliciency and current density or an area having a
low light extraction efficiency. Thus, a current density can be
further increased in an area having high light extraction
efficiency and current density or an area having a high light
extraction efliciency, and the overall light extraction effi-
ciency can be maximized.

[0111] The features, structures, effects, and the like
described in the above exemplary embodiments are included
in at least one exemplary embodiment and but are not
limited to one exemplary embodiment. In addition, the
features, structures, effects, and the like described in the
respective exemplary embodiments may be executed by
those skilled in the art while being combined or modified
with respect to other embodiments. Accordingly, it will be
understood that contents related to the combination and
modification of the exemplary embodiments are also
included within the scope of the present disclosure.

[0112] Further, it should be understood that the exemplary
embodiments described above should be considered as being
descriptive alone and not for limiting the present disclosure.
It will be understood by those skilled in the art that various
other modifications and applications may be made therein
without departing from the spirit and scope of the exemplary
embodiments. For example, respective components shown
in detail in the exemplary embodiments may be executed
while being modified.

1-20. (canceled)

21. An organic light emitting diode, comprising;

a first electrode pattern having at least one opening;

an organic emission layer disposed on the first electrode
pattern, the organic emission layer being in the at least
one opening; and

asecond electrode disposed on the organic emission layer,
the organic emission layer being disposed between the
first electrode pattern and the second electrode,

wherein the at least one opening is an area where the first
electrode pattern is not disposed.

22. An organic light emitting diode according to claim 21,
further comprising an overcoating layer disposed below the
first electrode pattern and including a plurality of micro
lenses, each of the plurality of micro lenses including a
recess overlapping with the at least one opening.

23. The organic light emitting diode according to claim
22, wherein:

each of the plurality of micro lenses further includes a
protrusion and a slope,

a thickness of the the organic emission layer in an area
corresponding to the slope, and perpendicular to the
slope, is smaller than the thickness of the organic
emission layer in an area corresponding to the protru-
sion and the recess.
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24. The organic light emitting diode according to claim
23, wherein the first electrode pattern is disposed in an area
corresponding to the protrusion and the slope.

25. The organic light emitting diode according to claim
23, wherein each of the plurality of micro lenses further
includes a protrusion and a slope, and the first electrode
pattern is disposed in an area corresponding to the protru-
sion.

26. The organic light emitting diode according to claim
25, wherein the organic emission layer is disposed in contact
with the overcoating layer in an area corresponding to the
recess and the slope.

27. The organic light emitting diode according to claim
22, wherein the organic emission layer is disposed in contact
with the overcoating layer in an area corresponding to the
recess.

28. The organic light emitting diode according to claim
22, wherein the overcoating layer is exposed at the at least
one opening.

29. The organic light emitting diode according to claim
21, wherein the first electrode pattern includes at least two
convex portions spaced away from each other by the at least
one opening.

30. An organic light emitting diode display device com-
prising:

a substrate including a pixel area having a non-emission

area and an emission area;

a first electrode pattern disposed at the emission area on
the substrate and including at least one opening over-
lapping with the non-emission area;

an organic emission layer disposed on the first electrode
pattern, the organic emission layer being in the at least
one opening; and

a second electrode disposed on the organic emission layer,
the organic emission layer being disposed between the
first electrode pattern and the second electrode,

wherein the at least one opening is an area where the first
electrode pattern is not disposed.

31. The organic light emitting diode display device to
claim 30, further comprising an overcoating layer disposed
on the below the substrate and including a plurality of micro
lenses, each of the plurality of micro lenses including a
protrusion overlapping with the emission area and a recess
overlapping with the non-emission area.

32. The organic light emitting diode according to claim
30, wherein the organic emission layer is disposed in contact
with the overcoating layer through the at least one opening.

33. The organic light emitting diode display device to
claim 30, wherein the first electrode pattern includes at least
two convex portions spaced away from each other by the at
least one opening.

34. The organic light emitting diode display device to
claim 31, wherein the first electrode pattern is disposed in an
area corresponding to the protrusion.

35. The organic light emitting diode display device to
claim 31, wherein each of the plurality of micro lenses
further includes a slope between the protrusion and the
recess,

wherein a thickness of the organic emission layer in an
area corresponding to the slope, and perpendicular to
the slope, is smaller than the thickness of the organic
emission layer in an area corresponding to the protru-
sion and the recess.
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36. The organic light emitting diode display device to
claim 35, wherein the first electrode pattern is disposed in an
area corresponding to the protrusion and the slope.

37. The organic light emitting diode display device to
claim 35, wherein the organic emission layer is disposed in
contact with the overcoating layer in an area corresponding
to the recess and the slope.

38. The organic light emitting diode display device to
claim 30, further comprising a thin-film transistor disposed
on the substrate, and connected to the first electrode patterns,

wherein the overcoating layer covers the thin-film tran-

sistor.
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